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Description 

[0001] The present invention relates to a method for 
producing rotomoutdlng polyethylene by fluidised bed 
gas phase polymerisation of ethylene. The present in- s 
ventlon further relates to the improved rotomoulding pol- 
yethylene obtainable by the invention process. 
[0002] Processes for the co-polymerisation of olefins 
in the gas phase are well known in the art. Such proc- 
esses can be conducted for example by introducing the io 
gaseous monomer and comonomer into a stirred and/ 
or gas fluidised bed comprising polyolefin and a catalyst 
for the polymerisation. 

[0003] In the gas fluidised bed polymerisation of ole- 
fins, the polymerisation is conducted in a fluidised bed is 
reactor wherein a bed of polymer particles is maintained 
in a fluidised state by means of an ascending gas stream 
comprising the gaseous reaction monomer. The start- 
up of such a polymerisation generally employs a bed of 
polymer particles similar to the polymer, which it is de- 20 
sired to manufacture. During the course of polymerisa- 
tion, fresh polymer is generated by the catalytic polym- 
erisation of the monomer, and polymer product is with- 
drawn to maintain the bed at more or less constant vol- 
ume. An industrially favoured process employs a fluidi- 2s 
sation grid to distribute the fluidising gas to the bed, and 
to act as a support for the bed when the supply of gas 
is cut off. The polymer produced is generally withdrawn 
from the reactor via a discharge conduit an^anged in the 
lower portion of the reactor, near the fluidisation grid. 30 
The fluidised bed consists in a bed of growing polymer 
particles. This bed is maintained in a fluidised condition 
by the continuous upward flow from the base of the re- 
actor of a fluidising gas. 

[0004] The polymerisation of olefins is an exothermic 55 
reaction and it is therefore necessary to provide means 
to cool the bed to remove the heat of polymerisation. In 
the absence of such cooling the bed would Increase in 
temperature and, for example, the catalyst becomes in- 
active or the bed commences to fuse. In the fluidised 40 
bed polymerisation of olefins, the preferred method for 
removing the heat of polymerisation is by supplying to 
the polymerisation reactor a gas, the fluidising gas, 
which is at a temperature lower than the desired polym- 
erisation temperature, passing the gas through the flu- 43 
Idlsed bed to conduct away the heat of polymerisation, 
removing the gas from the reactor and cooling it by pas- 
sage through an external heat exchanger, and recycling 
it to the bed. The temperature of the recycle gas can be 
adjusted in the heat exchanger to maintain the fluidised 50 
bed at the desired polymerisation temperature. In this 
method of polymerising alpha olefins, the recycle gas 
generally comprises the monomer and comonomer ole- 
fins, optionally together with, for example, an inert dilu- 
ent gas such as nitrogen or a gaseous chain transfer 55 
agent such as hydrogen. Thus, the recycle gas serves 
to supply the monomer to the bed, to ftuidise the bed, 
and to maintain the bed at the desired temperature. 



Monomers consumed by the polymerisation reaction 
are nonnally replaced by adding make up gas or liquid 
to the polymerisation zone or reaction loop. 
[0005] A gas fluidised bed polymerisation reactor is 
typically controlled to achieve a desired melt index and 
density for the polymer at an optimum production. Con- 
ditions within the polymerisation reactor have to be care- 
fully controlled to reduce the risk of agglomerate and/or 
sheet formation which may ultimately lead to bed insta- 
bilities and a need to terminate the reaction and shut 
down the reactor. This is the reason why commercial 
scale reactors are designed to operate well within prov- 
en stable operating zones and why the reactors are 
used in a carefully circumscribed fashion. 
[0006] it has now been found a new process for pro- 
ducing rotomoulding polyethylene in fluidised bed gas 
phase reactor, wherein an Improved process-operating 
envelope is used. Thus, the present Invention relates to 
a process for producing rotomoulding polyethylene, 
having a density A comprised between 930 and 944 kg/ 
m3 and a melt index B comprised between 3 and 7.8, 
by {co-)polymerisation of ethylene in a fluidised bed gas 
phase reactor, said process comprising 

detennining the instantaneous density d and melt 
index Ml of the polyethylene powder exiting the reactor, 

allowing the density and melt index to vary around 
their A and B values by a value of plus or minus 3 kg/ 
m3 for the density and plus or minus 30% for the melt 
index, 

characterised in that the operating temperature is 
controlled such that 



1. the FTTSE factor is first maintained in the operat- 
ing-enveloppe corresponding to the d and Mi val- 
ues of the polyethylene produced, and 

2. the RTSE factor is maintained between 4.2 and 
4.4. 

[0007] The present invention further relates to a roto- 
moulding polyethylene grade having a density com- 
prised between 930 and 944 kg/m3 and a melt index 
comprised between 3 and 7.a<:haracterised in an ESCR 
property equal or higher than 400 h and a Charpy prop- 
erty equal or higher than 1 0kJ/m2. 
[0008] The ESCR can be measured according to 
ASTM-D-1693. 

[0009] The Charpy can be measured according to 
IS0 1 79-2. Preferably, the Charpy value is equal or high- 
er than 14kJ/m2. 

[0010] The densities can be measured according to 
ASTM-0-792 and defined as in ASTM-D- 1248-84. The 
rotomoulding polyethylene of the present invention has 
a density comprised between 930 and 944, preferably 
between 933 and 941 kg/m3. 

[0011] The melt index can be measured according to 
ASTM-D-1238, condition A (2.16kg). The rotomoulding 
polyethylene of the present invention has a melt index 
comprised between 3 and 7.8, preferably between 3 and 
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7g/10min, 

[001 2] According to the present invention, the density 
and nnett Index are respectively allowed to vary around 
their A and B values by a value of plus or nninus 3 kg/ 
nnS for the density and plus or minus 30% for the melt 
index. It means, for example, that for a rotomouiding pol- 
yethylene with A=937 and B=5, acceptable variations 
are for density from 934 to 941 and for melt Index from 
3.5 to 6.5. According to a preferred embodiment of the 
present invention, the density and melt index are re- 
spectively allowed to vary around their A and B values 
by a value of plus or minus 2 kg/m3 for the density and 
plus or minus 16% for the melt index. 
[0013] The RTSE factor is indicated in the attached 
tables (figure 1 to 20). A RTSE value comprised be- 
tween 4.2 and 4.4 corresponds to each density/melt in- 
dex couple. To every RTSE corresponds an operating 
temperature. For density or melt index values that are 
falling at the border of operating enveloppes (window), 
the corresponding operating temperature enveloppe 
can easily be calculated by making linear interpolations. 
For example, in figure 1, for a 932 / 3.7 density /melt 
index couple, the operating temperature at an RTSE of 
4.3 is the average between 96.2'*C (i.e. operating tem- 
perature for a 932 / 3.8 density /melt index couple at 
RTSE of 4.3) and 96.6'*C (i.e. operating temperature for 
a 932 / 3.6 density /melt index couple at RTSE of 4.3), 
i.e. 96.4°C. 

[0014] As already indicated, the invention is charac- 
terised in that the operating temperature is controlled 
such that the RTSE factor is first maintained in the op- 
erating-enveloppe corresponding to the D and Ml values 
of the polyethylene produced, and the RTSE factor is 
maintained between 4.2 and 4.4. 

According to a preferred embodiment of the 
present invention , during the production of a specific rot- 
omoulding polyethylene grade, the RTSE factor is al- 
lowed to vary only by plus or minus 0.07, preferably 0.05 
across the operating enveloppes, said variation occur- 
ring within a minimum of 4 hours of operation, preferably 
within a minimum of 8 hours of operation. 
[0015] This process is preferably applied during the 
flutdlsed bed gas phase polymerisation of olefins, and 
may also advantagesouly be used during start-up and 
especially during product grade transition between two 
rotomoulding polyethyene. 

[0016] The instantaneous density and melt index 
properties correspond to the properties of the resin 
formed instantaneously in the reacting conditions at a 
given time. The "instantaneous properties" are different 
from the pellet properties which correspond to a mixture 
of different resins formed continuously in the fluidised 
bed (averaging effect). 

[0017] The process according to the present invention 
is particularly suitable for the manufacture of copoly- 
mers of ethylene. Preferred alpha-olefins used in com- 
bination with ethylene in the process of the present In- 
vention are those having from 4 to 8 carbon atoms. The 



preferred alpha-olefins are but-1-ene, pent-1-ene, hex- 
1-ene. 4-methylpent-1-ene, oct-1-ene and butadiene, 
the most preferred comonomer being the hex-1-ene. 
[001 8] When liquid condenses out of the recycle gas- 

5 ecus stream, it can be a condensable monomer, e.g. 
but-1-ene, hex-1-ene, 4Hnethylpent-1 -ene or octene 
used as a comonomer, and/or an optional inert conden- 
sable liquid, e.g. inert hydrocarbon(s), such as C4-C8 
a!kane(s) or cycloalkane(s), particularly butane, pen- 

10 tane or hexane. 

The process is particularly suitable for polymerising ole- 
fins at an absolute pressure of between 0.5 and 6 MPa 
and at a temperature of between 90^*0 and 11 0*^0. 
[0019] The polymerisation is preferably carried out 

IS continuously in a vertical fluidised bed reactor according 
to techniques known in themselves and in equipment 
such as that described In European patent application 
EP-O 855 411, French Patent No. 2,207,145 or French 
Patent No. 2.335.526. The process of the invention is 

20 particularly well suited to Industrial-scale reactors of 
very large size. 

[0020] The polymerisation reaction may be carried 
out in the presence of a catalyst system of the Zie- 
gler-Natta type, consisting of a solid catalyst essentially 

25 comprising a compound of a transition metal and of a 
cocatalyst comprising an organic compound of a metal 
(i.e. an organometallic compound, for example an alky- 
laluminium compound). High-activity catalyst systems 
have already been known for a number of years and are 

30 capable of producing large quantities of polymer in a rel- 
atively short time, and thus make it possible to avoid a 
step of removing catalyst residues from the polymer. 
These high-activity catalyst systems generally comprise 
a solid catalyst consisting essentially of atoms of tran- 

35 sition metal, of magnesium and of halogen. The process 
is also suitable for use with Ziegler catalysts supported 
on silica. The process is also especially suitable for use 
with metallocene catalysts In view of the particular affin- 
ity and reactivity experienced with comonomers and hy- 
drogen. The process can also be advantageously ap- 
plied with a late transition metal catalyst, i.e. a metal 
from Groups VI lib or lb (Groups 8-11) of the Periodk: 
Table. In particular the metals Fe, Co, Ni, Ru, Rh, Pd, 
Os, Ir, and Pt are preferred, especially Fe, Co and Ni. 

45 The late transition metal complex may comprise biden- 
tate or tridentate ilgands, preferably coordinated to the 
metal through nitrogen atoms. As examples are those 
complexes disclosed in WO96/23010. Suitable iron and/ 
or cobalt complexes catalysts can also be found In 

50 W098/27124 or In W099/1 2981 . 

It is also possible to use a high-activity catalyst 
consisting essentially of a chromium oxide activated by 
a heat treatment and associated with a granular support 
based on a refractory oxide. 

55 The catalyst may suitably be employed in the form 

of a prepolymer powder prepared beforehand during a- 
prepolymerisation stage with the aid of a catalyst as de- 
scribed above. The prepolymerisation may be canied 
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out by any suitable process, for example, polymerisation 
in a liquid hydrocarbon diluent or in the gas phase using 
a batch process, a semi-continuous process or a con- 
tinuous process. 



Claims 

1. Process for producing rotomoulding polyethylene, 
having a density A comprised between 930 and 944 
kg/m3 and a melt index B comprised between 3 and 
7.8, by (co-)polymerisation of ethylene in a fluidised 
bed gas phase reactor, said process comprising de- 
temiining the instantaneous density d and melt in- 
dex Ml of the polyethylene powder exiting the reac- 

allowing the density and melt index to vary around 
their A and B values by a value of plus or minus 3 
kg/m3 for the density and plus or minus 30% for the 
melt Index, characterised In that the operating 
temperature is controlled such that 

the RTTSE factor is first maintained in the op- 
erating-enveloppe con^esponding to the d and Ml 
values of the polyethylene produced, and 

the RTSE factor is maintained between 4.2 
and 4.4. 

2. Process according to claim 1 wherein the density 
and melt index are respectively allowed to vary 
around their A and B values by a value of plus or 
minus 3 Icg/m3 for the density and plus or minus 
30% for the melt index. 

3. Process according to claim 2 wherein the density 
and melt index are respectively allowed to vary 
around their A and B values by a value of plus or 
minus 2 kg/m3 for the density and plus or minus 
15% for the melt index. 

4. Process according to any of the preceding claims 
wherein the RTSE factor is allowed to vary only by 
plus or minus 0.07 across the operating envetope 
(s). said variation occurring within a minimum of 4 
hours of operation. 

5. Process according to daim 4 wherein the RTTSE var- 
iation is only allowed within a minimum of 8 hours 
of operation. 

6. Process according to cisums 4 and 5 wherein the 
RTSE factor is allowed to vary only by plus or minus 
0.05 across the operating envelope(s). 

7. Process according to any of the preceding claims 
wherein it applied during product grade transition 
between two rotomoulding polyethyene. 

8. Process according to any of the preceding claims 
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wherein the polyethylene Is a copolymer of ethylene 
and hex-1-ene. 

9. Process according to any of the preceding claims 
wherein the rotomoulding polyethylene has a den- 
sity comprised between 933 and 941 kg/m3 and a 
melt index comprised between 3 and 7 g/IOmin. 

10. Rotomoulding polyethylene grade obtainable by 
any of the preceding claims and having a density 
comprised between 930 and 944 kg/m3 and a melt 
Index comprised between 3 and 7.8 characterised 
in an ESCR property equal or higher than 400 h and 
a Charpy property equal or higher than 1 0kJ/m2. 



20 



25 



30 



35 



40 



43 



50 



55 



4 



EP 1 359 168 A1 




Figure 1 



5 



EP 1359 168 A1 




Figure! 



6 



EP 1 359 168 A1 



MELT-INDEX 



cn 
o 



o 



Ol 



t 3 

6^ 



8^ 



t 

Li 



•1 



S3 



e 



fii 



Si 



6^ 



2-1 



1 



n 



eg 



2- 



^3 

St 



8i 



8 



5-4 



o 



5- 



fc3 



5-^ 



Si 



Pi 



sa 

e 



'3 



si 



r3 



J-" 



63 



a-: 



e 



si 

5-I 



Sal 



c3 



63 

ft 



21 



2-« 



6 



6^ 



1! 



2-" 



CD 
(a) 



63 



1 3 



o 
m 

CO 



J 



5^ 



to 



Si 

5-1 



2-a 



.a 
El 



^2 



si 



5-1 



si 



Figures 



EP 1 359 168 A1 




Figure 4 

8 



EP 1359 168 A1 



MELT-INDEX 




-Nl 

8 


Oi 
O 


O 


io 
o 


s 








* • 

5- 




;i 




Si 


ti 


Si 


si 


'ii 

5-1 


SI 
8- 


ei 
8-= 


Si 
5- 


si 

8^ 


Si 


Si 

8^ 


si 

8- 


Si 

5- 


s| 




Si 
g- 


tl 

Si 


S) 
Bt 


s| 
8; 




^ 


fii 


c| 


SI 


St 




61 


el 

8-i 


Si 


si 

2-" 




Si 


si 


(1 

!-i 




si 
B-< 


Si 


Sj 

5-« 


sl 

8-^ 




si 


si 
e-« 


si 


sl 


s| 


CO 

CO 




El 




S3 


8- 




Si 

6-1 


c| 


&3 

!-> 


8^ 




0 


i 


gi 


Si 

8-" 




s| 

Bi 


Si 




Si 

it 




Si 


s| 
Bt 


Si 
2t 


Si 

8-^ 


CO 
N> 


1 




















I-" 










si 

5-" 










s| 
8-« 


















SI 


M 




SI 






t| 




Si 
8-< 


si 
6- 


Si 


si 
8^ 






si 

B^ 


Si 


s| 
8t 




SI 


si 


SI 

a-" 


si 
2-< 


<o 

CO 












1 








8^ 










Si 

8^ 










1- 













o 
m 



Figure 5 



EP 1 359 168 A1 



MELT-INDEX 




Figure 6 

10 



EP 1 359 168 A1 




Figure 7 
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Figure 8 
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